The inflammatory factor C-reactive protein (CRP) and the fibrinolytic variables fibrinogen and plasminogen activator-1 (PAI-1) are associated with long-term cardiovascular morbidity. To determine the contribution of body adiposity (BMI), insulin sensitivity (homeostasis model assessment of insulin resistance [HOMA-IR], and glycemia (HbA 1c [A1C]) to the levels of these inflammatory and fibrinolytic variables in recently diagnosed (<3 years), drug-naive, type 2 diabetic subjects (fasting plasma glucose <10 mmol/ l), we examined a representative subgroup (n ‫؍‬ 921) of the U.S. cohort in ADOPT (A Diabetes Outcome Progression Trial). The relationship between levels of CRP, fibrinogen, PAI-1 antigen and PAI-1 activity, and baseline variables including National Cholesterol Education Program Adult Treatment Panel III metabolic syndrome phenotype were explored. All four factors increased significantly with increasing numbers of metabolic syndrome components (P ‫؍‬ 0.0136 to P < 0.0001). BMI (P < 0.0001) and HOMA-IR (P < 0.0001) but not A1C (P ‫؍‬ 0.65) increased with increasing numbers of metabolic syndrome components. Adjustment of CRP levels for BMI eliminated the association between CRP and the number of metabolic syndrome components, while adjusting for HOMA-IR did not (P ‫؍‬ 0.0028). The relationships of PAI-1 antigen and PAI-1 activity with the number of metabolic syndrome components were maintained after adjusting for BMI (P ‫؍‬ 0.0002 and P ‫؍‬ <0.0001, respectively) or HOMA-IR (P ‫؍‬ 0.0008 and P ‫؍‬ <0.0001, respectively), whereas that with fibrinogen was eliminated after adjusting for BMI but not after adjusting for HOMA-IR (P ‫؍‬ 0.013). Adjustment for A1C had no effect on any of the relationships between the inflammatory and fibrinolytic factors and the metabolic syndrome. We conclude that in recently diagnosed, drugnaive type 2 diabetic subjects, markers of inflammation and fibrinolysis are strongly related to the number of metabolic syndrome components. Further, for CRP and fibrinogen this relationship is determined by body adiposity and not by insulin sensitivity or glucose control.
I
ncreased levels of the nontraditional cardiovascular disease (CVD) risk factors C-reactive protein (CRP), plasminogen activator-1 (PAI-1), and fibrinogen have been associated with increased CVD in the general population (1) (2) (3) (4) . Type 2 diabetes is also associated with increased levels of these nontraditional CVD risk factors (5, 6) . In the nondiabetic population, insulin resistance and obesity are important determinants of increases in these inflammatory and fibrinolytic variables (5) (6) (7) (8) (9) . However, the role of obesity and insulin resistance relative to worsening glycemia as determinants of these risk factors has not been extensively explored in subjects with type 2 diabetes.
The metabolic syndrome (10) , which comprises the more traditional CVD risk factors such as blood pressure, lipids, and central obesity, has been shown to be a risk factor for the development of both CVD and diabetes (11) (12) (13) . The vast majority of subjects with type 2 diabetes have the metabolic syndrome, and these individuals are at higher risk of CVD than subjects with type 2 diabetes who do not have the metabolic syndrome (12, 13) . Furthermore, in nondiabetic subjects the metabolic syndrome has been associated with higher levels of CRP as well as PAI-1 and fibrinogen (7, 11) . However, the relationship between the presence or absence of the metabolic syndrome and concentrations of CRP, PAI-1, and fibrinogen has not been explored in a large cohort of type 2 diabetic subjects who are drug naive.
The interpretation of analyses of nontraditional CVD risk factors in subjects with type 2 diabetes has been complicated by the fact that many subjects with the disease have been treated with glucose-lowering pharmacological therapies at the time of investigation, and these agents may affect the levels of these markers. For example, thiazolidinediones have been shown to lower levels of nontraditional CVD risk factors in individuals with type 2 diabetes (14 -16) . Therefore, to minimize the possible confounding effects of glucose-lowering pharmacological treatment, we examined the determinants of CRP and PAI-1 activity and antigen as well as fibrinogen in a large cohort of participants in the ADOPT (A Diabetes Outcome Progression Trial) study residing in the U.S. (17) . These individuals were recently diagnosed with type 2 diabetes and were drug naive, thus allowing us to compare the effects of obesity, insulin resistance, and glycemia without the possible confounding effects of diabetes treatment.
RESEARCH DESIGN AND METHODS
The ADOPT study recruited 4,357 individuals with diabetes diagnosed within 3 years who remained drug naive for glucose-lowering therapy. Of these subjects, 921 individuals in the U.S. underwent further testing, which included measurement of inflammatory and fibrinolytic markers. Their baseline data form the basis of this report. The study protocol was reviewed and approved by institutional review boards for each center, and participants gave written informed consent before participating in the study.
The study is a randomized, double-blind, parallel-group trial, the details of which have been described previously (17) . Subjects eligible to participate in ADOPT were 30 -75 years of age and had a fasting plasma glucose concentration between 7 and 10 mmol/l despite diet and exercise intervention.
At baseline, subjects had anthropometric measurements (weight, height, and waist circumference) and seated blood pressure measured using standardized procedures across all study centers (17) . Specifically, waist circumference was measured at the level of the umbilicus. Fasting blood samples were drawn for measurement of metabolic variables including lipids, plasma glucose, HbA 1c (A1C), and immunoreactive insulin levels. Assays and calculations. All assays were performed at a central laboratory (17) . Plasma glucose was measured using a hexokinase assay method (Olympus America, Melville, NY). A1C was determined using the Biorad Variant Hemoglobin A1C assay (Hercules, CA). Serum immunoreactive insulin was quantified using a double antibody radioimmunoassay (Linco, St. Louis, MO). Total cholesterol and triglycerides were measured by enzymatic methods (Olympus America). HDL cholesterol was determined using a precipitation method (Olympus America). Non-HDL cholesterol was calculated as the difference between total cholesterol and HDL cholesterol. GAD antibodies were measured using a radioimmunoassay that recognizes autoantibodies to GAD65 (RSR; Cardiff, Wales, U.K.).
Highly sensitive CRP was measured by fixed time nephelometry (reporting range 0.2 mg/l to 10 g/l, coefficient of variation [CV] Ͻ7%) (Dade Behring, Deerfield, IL). PAI-1 antigen was quantified using an enzyme immunoassay (limit of detection Ͻ4 ng/ml, CV 5-13%) (Biopool TintElize; Trinity Biotech, Carlsbad, CA) and PAI-1 activity by bioimmunoassay (limit of detection 6 IU/ml, CV 2-5%) (Chromolize PAI-1; diaPharma, West Chester, OH). Fibrinogen was measured using photo-optical clot detection (reporting range 0.04 -1.4 g/dl, CV 5-10%; MLA Electra 1000C).
Insulin sensitivity was estimated with HOMA2 IR (18) . Software for calculating this measure was obtained from http://www.dtu.ox.ac.uk/homa.
The National Cholesterol Education Program Adult Treatment Panel III criteria (10) were used to determine whether individuals had the metabolic syndrome. As all subjects in the study by definition met the glucose criteria (Ն5.5 mmol/l; 100 mg/dl), they only had to meet two of the remaining four criteria to be classified as having the metabolic syndrome. Individuals with a waist circumference Ն102 cm in men and Ն88 cm in women were considered to have met the criterion for waist circumference. Subjects with a blood pressure Ն130/85 mmHg or a history of hypertension (n ϭ 505) were considered to have met the blood pressure criterion. Individuals with triglycerides Ն1.695 mmol/l (150 mg/dl) or who were taking fibrates (n ϭ 38) were considered to have met the criterion for triglycerides, while those with a HDL cholesterol level Յ1.036 mmol/l (40 mg/dl) in men and Յ1.295 mmol/l (50 mg/dl) in women or who were taking niacin (n ϭ 15) were considered to have met the criterion for HDL cholesterol. This information was obtained by self-report, examination of medical records, and/or examination of individual subjects' medications. Statistical methods. Where appropriate, data were log transformed to achieve a normal distribution. Wilcoxon's rank-sum tests were performed to compare variables between groups with and without the metabolic syndrome. General linear models assuming normal errors (19) were used to summarize CRP, PAI-1 antigen, PAI-1 activity, and fibrinogen among subjects grouped according to the number of metabolic syndrome criteria met. Linear trend tests were performed as a contrast within the general linear models. Partial correlation analyses were performed using the Spearman method. Data are presented as mean Ϯ SE, except for log-transformed data where geometric means with 95% CIs are shown. A two-sided P Յ 0.05 was considered statistically significant.
RESULTS
Demographic and metabolic variables. Baseline demographic and metabolic variables for all 921 subjects and those with and without the metabolic syndrome are listed in Table 1 . A total of 87.2% of subjects met criteria for the metabolic syndrome. Subjects with the metabolic syndrome had a markedly greater BMI than those without the metabolic syndrome. In addition, their non-HDL cholesterol was higher, and they were more insulin resistant than those without the metabolic syndrome. As expected, subjects with the metabolic syndrome also had higher mean systolic and diastolic blood pressures, higher triglycerides and waist circumference, and lower HDL cholesterol. However, there was no significant difference in fasting plasma glucose or A1C in subjects with or without the metabolic syndrome.
BMI correlated significantly with HOMA-IR (r ϭ 0.53, P Ͻ 0.0001) but not A1C (r ϭ Ϫ0.01, P ϭ 0.72), while HOMA-IR and A1C were not related (r ϭ Ϫ0.05, P ϭ 0.130). Fibrinolytic and inflammatory factors. Table 2 lists the results of fibrinogen, PAI-1 antigen and activity, and CRP measurements within sex and among those with and without the metabolic syndrome, overall and within subgroups classified by the other factor, e.g., by metabolic syndrome group separately for men and women. Fibrinogen, PAI-1 antigen, and CRP levels were significantly higher in women, while levels of PAI-1 activity did not differ by sex. Individuals with the metabolic syndrome had higher fibrinogen, PAI-1 antigen, PAI-1 activity, and CRP levels than those without the metabolic syndrome. With the exception of fibrinogen in women, in both sexes subjects with the metabolic syndrome had higher levels of inflammatory and fibrinolytic factors. There were no significant interactions between sex and metabolic syndrome status for any of these four biomarkers. Relationship of glucose control, insulin sensitivity, and body size to the fibrinolytic and inflammatory factors. The associations of A1C, HOMA-IR, and BMI with fibrinogen, PAI-1 antigen, PAI-1 activity, and CRP are listed in Table 3 . A1C was weakly associated with fibrinogen, while BMI was more strongly associated. In contrast, HOMA-IR was not associated with fibrinogen. A1C
was not associated with PAI-1 activity or antigen, while HOMA-IR and BMI were both strongly associated with PAI-1 antigen and PAI-1 activity. A1C, HOMA-IR, and BMI were all associated with CRP levels, although the strength of these associations differed. Relationship of glucose control, insulin sensitivity, and body size to the metabolic syndrome and the number of its components. The numbers of subjects meeting different numbers of metabolic syndrome components is listed in Table 4 . Only 3% of subjects met only one criterion (glucose), while 25.6% of subjects met all five criteria. Interestingly, in this population, A1C did not differ regardless of the number of components of the metabolic syndrome, while HOMA-IR and BMI increased progressively with increasing numbers of the metabolic syndrome criteria. Figure 1 shows the relationship between numbers of metabolic syndrome components and inflammatory and fibrinolytic factors. As expected from data presented earlier, there was a positive and significant association between the number of metabolic syndrome components and these factors, although this relationship was only modest for fibrinogen. After adjustment for BMI, the relationship between PAI-1 antigen and PAI-1 activity and the number of metabolic syndrome components was virtually unchanged. In contrast, the positive and significant relationship between the number of metabolic syndrome components and fibrinogen and CRP was eliminated after adjustment for BMI.
In Fig. 2 , the associations between the number of meta- Each cell represents a partial correlation coefficient r and P value adjusted for age, sex, and ethnicity.
bolic syndrome components and inflammatory and fibrinolytic factors before and after adjustment for HOMA-IR are illustrated. This figure is similar to Fig. 1 except that the adjustment is made for HOMA-IR rather than BMI. Adjustment for HOMA-IR did not abolish the relationship between fibrinogen and the number of metabolic syndrome components. After adjustment for HOMA-IR, both PAI-1 activity and antigen also remained significantly associated with the number of metabolic syndrome components. In contrast to the relationship depicted in Fig. 1 , after adjustment for HOMA-IR, CRP remained highly significantly associated with the number of metabolic syndrome components.
The relationships between the number of metabolic syndrome components and inflammatory and fibrinolytic factors before and after adjustment for A1C are illustrated in Fig. 3 . As shown in this figure, adjusting for A1C failed to change any of the relationships between the different inflammatory and fibrinolytic factors and the number of metabolic syndrome components.
DISCUSSION
In this analysis of drug-naive subjects with recently diagnosed type 2 diabetes, we have demonstrated that obesity and insulin resistance are strongly associated with both inflammatory and fibrinolytic variables. These data extend previous reports done predominantly in nondiabetic subjects (5-9) and show that even in diabetic subjects with a fasting glucose Յ10 mmol/l, these relationships still hold. In contrast, we have shown for the first time in this large cohort of diabetic subjects not on glucose-lowering pharmacological therapy that A1C was not an important determinant of the levels of fibrinogen, PAI-1 activity, PAI-1 antigen, or CRP. We also examined the relationship between the presence of the metabolic syndrome in recently diagnosed diabetic subjects and these inflammatory and fibrinolytic variables. In this cohort of 921 subjects, the prevalence of the metabolic syndrome was high (87.2%), a finding similar to that in National Health and Nutrition Examination Survey III (13) . Not surprisingly, subjects with the metabolic syndrome were more obese than those without the syndrome, and a greater proportion of individuals with the metabolic syndrome had been diagnosed with hypertension (52.3 vs. 34.4%); however, only a small proportion of metabolic syndrome patients were receiving fibrates (4.5%) or niacin (1.7%) as was the case for both fibrate (1.7%) and niacin (0.9%) use in those without the metabolic syndrome. As individuals with a diagnosis of hypertension were also more likely to be receiving antihypertensive agents, the phenotypic differences in blood pressure and lipids between those with and without the metabolic syndrome were likely underestimated. In addition to these phenotypic findings, those with the metabolic syndrome had higher levels of CRP, fibrinogen, PAI-1 activity, and PAI-1 antigen, a finding in keeping with what has been reported in nondiabetic subjects (5-9). These findings are relevant as there is now ongoing debate about the relevance of the term "metabolic syndrome" (20, 21) , and in the course of this discourse it has been strongly suggested that further research is necessary and that some of this should focus on the potential role of inflammatory and fibrinolytic factors.
There was a strong relationship between the number of metabolic syndrome components and these inflammatory and fibrinolytic variables. However, the relationship between the number of metabolic syndrome components and CRP appeared to be largely the result of obesity as it was markedly attenuated, becoming nonsignificant after adjusting for BMI. This observation strongly supports the concept that CRP in diabetic subjects primarily reflects the magnitude of adiposity. Our findings are very consistent with those recently reported by Timpson et al. (22) using different methodology, demonstrated in women participating in the British Women's Heart and Health Study that obesity and not CRP haplotype was associated with components of the metabolic syndrome. Thus, these observations are in keeping with adipose tissue and its cellular components being an important site for the production of this proinflammatory cytokine (23) . In contrast, neither HOMA-IR nor A1C was related to CRP levels suggesting that neither insulin sensitivity nor glucose control per se have an independent effect on systemic inflammation in individuals with diabetes diagnosed within 3 years and who are not receiving glucose-lowering therapy.
In the context of fibrinolytic variables measured in this study, it is of interest to note that both BMI and HOMA-IR were strongly related to both PAI-1 activity and antigen, but only BMI was related to fibrinogen. These observations once again underscore the importance of obesity and insulin sensitivity in determining PAI-1 activity and antigen. As adjustment for BMI did not fully account for the relationship between these variables and the metabolic syndrome; this suggests that there are other important determinants of PAI-1 activity and antigen. This may be explained by the fact that a variety of tissues, in addition to adipose tissue and its cellular content such as macrophages, have been suggested to be sites for the production and activation of PAI-1 (24 -27) .
It is well recognized that increased systemic inflammation, impaired fibrinolysis, and increased coagulation are risk factors for the development of CVD (1-4) . Therefore, the results of the current analyses have potentially interesting implications for the treatment of individuals with pre-diabetes and recent-onset diabetes who are known to be at increased risk of CVD. Behavioral changes resulting in weight loss have been shown in both diabetic subjects (28, 29) and individuals with impaired glucose tolerance (30) to markedly decrease CRP levels but have a more modest effect on fibrinogen. These observations are in keeping with our finding of obesity being a major determinant of CRP levels.
In addition to lifestyle changes, some glucose-lowering agents appear to have independent effects on CRP. The two most commonly used classes of oral agents, metformin and the sulfonylureas, have different effects. Metformin, which is commonly associated with little weight gain or even weight loss, results in a small decrease in CRP (16, 30) , while sulfonylureas, which commonly result in weight gain, have little effect on CRP (31), despite produc- ing similar reductions in A1C as metformin. Interestingly, the thiazolidinediones, which typically result in weight gain, have the greatest effect to decrease CRP levels (14 -16) . This effect may be related to the distribution of fat within the central fat compartments (subcutaneous and intra-abdominal), a factor known to be a major determinant of insulin sensitivity (32, 33) , and the redistribution of body fat that commonly occurs with these agents (34, 35) . However, many of these studies have tended to be small and have not directly compared the effect of these three major classes of oral agents on inflammatory and fibrinolytic variables. The longitudinal follow-up data from the current ADOPT cohort will provide such an opportunity.
In the current study, we examined individuals with diabetes and found that obesity was a major contributor to the relationship between the metabolic syndrome, inflammation, and fibrinolysis. While we did not study obese subjects with normal glucose tolerance, we believe it is quite probable that obesity will have a similar effect in such a cohort based on findings in the Insulin Resistance Atherosclerosis Study (IRAS) (36) . We also recognize that the entry criteria for the study meant that the diabetic cohort we studied excluded individuals with a fasting plasma glucose Ն10 mmol/l and individuals in whom the disease had been diagnosed more than 3 years prior. Thus, it is possible that our conclusions regarding the role of glycemia may have been different if we had examined individuals with even higher glucose levels or if we had studied subjects who had had the disease for a longer duration and were not receiving agents that may affect CRP and fibrinogen. However, we do not feel it is very likely that this would be the case, as type 2 diabetes is typically associated with obesity independent of the duration of the disease and even when hyperglycemia is greater than in the cohort we studied. Rather, it is quite possible that studies that examined levels of these factors without accounting for the degree of obesity may have reached different conclusions to ours.
In conclusion, we have demonstrated that in recently diagnosed diabetic subjects in whom there is no confounding effect of treatment with glucose-lowering agents, the metabolic syndrome is highly prevalent and is associated with increased inflammation and impaired fibrinolysis. Obesity plays a key role in mediating these effects, and insulin resistance may have an added effect. However, glucose control does not appear to be a determining factor. These findings would suggest that therapies targeting obesity and/or insulin resistance that improve metabolic syndrome risk factors might have the potential to reduce CVD events, a hypothesis that is being tested in the Look AHEAD (Action for Health in Diabetes) study (37) .
